summary Systemic lupus erythematosus (SLE) is an autoimmune disease involving many organ systems. Glomerulonephritis (GLN) is one of the major causes of morbidity and mortality in SLE. It has recently been demonstrated that adjuvants of vaccines could cause the so called ASIA syndrome. The study aimed to assess the effects of Complete Freund's Adjuvant (CFA) vs alum injections in NZB/NZWF1 mice. Mice (n=10 each group) were injected with a total volume of 200 µL of: CFA in PBS (group 1), alum in PBS (group 2), PBS (group 3) as controls, PTX3/CFA (group 4), PTX3/alum (group 5), 3 times, 3 weeks apart /given in each injection, three weeks apart from ten weeks of age. Urine samples were collected weekly to evaluate proteinuria. Blood samples were collected before every injection, at 21 weeks of age, and at death to evaluate levels of anti-PTX3 and anti-dsDNA. Proteinuria free survival and survival rates were analyzed by the Kaplan-Meier method using Mantel-Cox's test for comparisons. CFA-treated mice developed both anti-dsDNA antibodies and proteinuria earlier and at higher levels than alumtreated and PBS-injected mice, starting from 13 weeks of age. Proteinuria free survival rates (proteinuria ≥300 mg/dL) and survival rates were lower in CFA-treated mice than those treated with alum or injected with PBS (P<0.001 for all). No difference was observed between the alum-treated group and PBS-injected mice. Notably, groups 4 and 5, immunized with PTX3, developed anti-PTX3 antibodies and no significant difference was observed. Alum seems to be as effective as and safer than CFA as adjuvant, since it did not affect disease progression in immunized NZB/NZWF1 mice.
n INTRODUCTION S ystemic lupus erythematosus (SLE) is a systemic, multifactorial, autoimmune disease involving many organ systems. SLE pathogenesis involves genetic predisposition, defective apoptosis and abnormalities in Toll-like receptor (TLR) signaling, B and T-cell tolerance, complement activation, cytokine regulation, and endothelial cells both in humans and in mice (1) (2) (3) . All these factors cause the production of autoantibodies, mainly antinucleosome and anti-double stranded DNA (dsDNA), which can be found deposited in tissues as immune complexes (ICs) (4, 5) . One of the major causes of morbidity and mortality in SLE is glomerulonephritis (GLN) that affects 40-60% of patients (5) and leads to chronic renal failure in 25% of cases (6) . Many studies show that vaccinations may trigger or worsen autoimmune and rheumatic diseases because of the release of proinflammatory cytokines after the injection (7) (8) (9) , resulting in the stimulation of innate and adaptive immune response with increased activation, proliferation and migration of dendritic cells, macrophages, T and B cells to the injection site. Notably, not only the antigens of the vaccines, but also Original article
Alum and complete Freund adjuvant in immunization of mice adjuvants and excipients may enhance antigenic stimulation (7, 10, 11) . In humans, vaccines have been reported to potentially induce autoantibodies, inflammatory reactions, and autoimmune diseases, such as arthritis, neuronal damage, fatigue, encephalitis, myocarditis, and vasculitis (12, 13) . These adverse events can occur weeks or even months or years after vaccination (13) . Mineral oils may induce sclerosing lipogranulomas in humans (14) . Alum, aluminium hydroxide and squalene are all reported as cofactors in causing chronic fatigue syndrome (CFA), polymyalgia, macrophagic myofasciitis syndrome (MMS), and Gulf War syndrome (GWS) (15, 16) . Adjuvants may also induce the production of antibodies against themselves, as reported in US military personnel with GWS, in whom high levels of anti-squalene circulating antibodies were found (16) (17) (18) .
Many in vivo studies show that adjuvants can induce autoimmunity also in animal models (19) (20) (21) . Subcutaneous injection of mineral oil induced sclerosing lipogranulomas not only in humans but also in BALB/c mice (14) . Pristane (2, 6, 10, 14 -tetramethylpentadecane) and mineral oil mixtures induced plasmacytomas or lupusrelated autoantibodies to nRNP/Sm and to Su in BALB/c mice (21, 22 , as controls; 100 μg/mL of long pentraxin 3 (PTX3) in CFA (group 4); 100 μg/mL PTX3 in alum (group 5); given in each injection, three weeks apart, starting from 10 weeks of age to 16. All mice were bred until natural death occurred. The study was approved by the Institutional Animal Care and Use Committee. Disease progression was monitored by weekly collection of urine samples in order to evaluate proteinuria levels using multi reactive strips (Bayer, Leverkusen, Germany) and expressed as mg/dL. Blood samples were collected from the caudal vein before every injection (at 10, 13 and 16 weeks of age), at week 21, and at death. Circulating levels of anti-dsDNA were evaluated in all groups, whereas those of anti-PTX3 were evaluated only in groups 4 and 5; standardized home-made ELISA tests were used in both groups. For antidsDNA ELISA tests, the coating was performed in 3 phases: addition of poly-Llysine to block the DNA and incubation at 37°C, addition of calf thymus DNA and incubation at room temperature (RT), and addition of poly-L-glutamate to neutralize the negative free charges of DNA and incubation at RT. After washing circles, 3% BSA/TBS was added as blocker and incubated overnight at 4°C. Duplicated serum samples were added at a dilution of 1:100
Original article in 1% BSA/TBS and incubated at RT. After washings, anti-mouse IgG (diluted 1:10000 in 1% BSA/TBS) was added and incubated at 37°C. After washing circles, p-nitrophenil-phosphate was added and the plates were read at 405 nm. Anti-PTX3 antibody levels were evaluated as previously described by Bassi et al. (26) . Briefly, recombinant PTX3 was obtained by purification from transfected CHO cells according to Bottazzi et al. (27) . Plates were coated with recombinant PTX3 diluted in PBS and incubated overnight at 4°C. Blocking was performed with 3% BSA/PBS, incubated at RT. Duplicated serum samples were added at a dilution of 1:100 in 1% BSA/PBS and incubated at RT. After washings, anti-mouse IgG, diluted 1:10000 in 1% BSA/PBS, was added and incubated at 37°C. After washing circles, p-nitrophenylphosphate was added and the plates were read at 405 nm. All products for ELISA tests were purchased from Sigma, St Louis, MO, USA. The values were expressed as mean optical density (OD) of the double of every serum sample.
Statistical analyses
Statistical analyses were performed using PASW 18 software. Differences between groups were evaluated by Mann-Whitney test; survival rates and the onset of critical proteinuria levels (at least 300 mg/dL) were evaluated by Kaplan-Meyer method using Mantel-Cox's test for comparison.
n RESULTS
Comparison between CFA and alum effects
Mice of groups 1, 2 and 3 developed antidsDNA autoantibodies. However, in group 1, anti-dsDNA antibodies were detectable earlier than in mice of the other 2 groups. In fact, group 1 developed anti-dsDNA antibodies starting from 13 weeks of age after only one injection, whereas the PBS-injected group developed anti-dsDNA antibodies at 16 and group 2 mice at 21 weeks of age. The circulating levels of anti-dsDNA, expressed as mean OD ± standard deviation Figure 1D ). Notably, all mice in group 1, 5 in group 2, and 6 in group 3 died after developing the maximum detectable levels of proteinuria (≥300mg/dL). Proteinuria free survival rate (proteinuria <300 mg/dL) was significantly lower in group 1 than in groups 2 and 3 (P<0.0001 for all) ( Fig. 2A) . At 20 weeks of age, 90% of the mice in group 1 had proteinuria lev-
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Alum and complete Freund adjuvant in immunization of mice Figure 1 -comparison of (a) mean anti-dsDna autoantibodies levels (OD at 405 nm) between mice treated with cFa/PBS and those injected with alum/PBS and (B) between alum/PBS-injected mice and PBS-injected mice. (c) Mean proteinuria levels (mg/dl) between mice treated with cFa/PBS and those injected with alum/PBS and (D) between alum/PBS-injected group and PBS-injected group. dsDna, double stranded Dna; OD, optical density; cFa, complete Freund's adjuvant; PBS, phosphate buffer salt; ns, not significant. (Fig. 2B) . The first death in group 1 was recorded in a 15-week old mouse, whereas the first death in group 2 occurred in a 28-week old mouse and in group 3 in a 29-week old mouse. The last death in the CFA-treated group occurred in a 24-week old mouse. By contrast, the last death in the PBSinjected group occurred in 2 36-week old mice, and in the alum-treated group the last death occurred in a 37-week old mouse. At 21 weeks of age, the survival rate was 40% in group 1% vs 100% in groups 2 and 3. When the last mouse in the CFA-treated group died, all mice of PBS or alum-injected group were still alive (P<0.0001) (Fig.  2B) Comparison between vaccination with CFA and with alum Notably, no difference was observed in the anti-PTX3 antibody levels between PTX3/ CFA and PTX3/alum treated mice (Fig. 3) . In fact, both groups developed anti-PTX3 antibodies starting from 13 weeks of age, after only one injection, and the maximum amount was observed at 22 weeks of age and then decreased in both groups, always with comparable mean values (Fig. 3) .
n DISCUSSION
In our experiment, all NZB/NZWF1 mice receiving CFA demonstrated a worsening of autoimmune response along with a worsening of GLN and a shortening of survival time in comparison with those receiving alum and the control group, whereas no difference was observed between alumtreated and PBS-injected mice. In fact, all mice in the CFA-treated group died within 24 weeks of age compared with 0% of alum-treated and control groups. Notably, vaccinated mice using alum developed comparable amounts of anti-PTX3 with those vaccinated using CFA as adjuvant. Recently, Shoenfeld Y et al. (24) (7, 10, (32) (33) (34) (35) , triggering and/or worsening autoimmune and rheumatic diseases (7-9, 32, 36, 37), also weeks or even months or years after vaccination (13, 35) . Adjuvants may also induce the production of antibodies against themselves, as reported in US military personnel with GWS, in whom high levels of anti-squalene circulating antibodies were found (16) (17) (18) 38) . All these negative effects are confirmed by many in vivo studies with murine and rat models (10, 19-23, 35, 39) . There is some evidence that individual susceptibility factors might play a crucial role in intolerance to adjuvants (40, 41) . In rats, the genetic background strongly influences the size of lesions induced by intramuscular injection of alum (41) . Adverse response to the adjuvants and excipients of vaccines might also depend on susceptibility genes, such as HLA-DRB1*01, that may favor the development of autoimmune diseases (42) . It has been widely demonstrated that mutations in the HLA-DR genes are related to the susceptibility and predisposition to SLE (43) . Genetic predisposition, defective apoptosis and abnormalities in TLR signalling, B and T-cell tolerance, complement activation, cytokine regulation, and endothelial cell functions are all factors involved in lupus pathogenesis both in humans and in NZB/NZWF1 mice (1, 3, 44) . CFA is the most active adjuvant because of its composition that includes components of M. tuberculosis. The immunization power of CFA resides mainly in the concomitant presence of 2 different antigens: the vaccine antigen and the M. tuberculosis components of CFA (39, 45) . For this reason, CFA should be avoided as an adjuvant during immunization of autoimmune-prone mice in experimental studies; in addition, we suggest avoiding CFA even in non autoimmune prone mice due to its autoimmune potential (10) . By contrast, although some studies highlighted a deleterious role played by alum during vaccination (15, 16) , our study showed that it may be safer than CFA and, in turn, it should provide a good substitute for CFA during vaccinations. Furthermore, no difference was observed in disease onset and progression between mice vaccinated with alum and mice injected with PBS, demonstrating that alum does not affect the disease. Many other studies are required to understand the relationship among vaccines, adjuvants, and autoimmunity, in order to optimize the preparation and the use of vaccines, mainly for patients affected by autoimmune diseases.
n REFERENCES

N. Bassi, R. Luisetto, A. Ghirardello et al.
Original article
